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(54) Optical detection of electrical discharges 

(57) Apparatus for detecting electrical discharges from power lines comprises an optica! filter (10) which 
passes energy in the ultraviolet portion of the spectrum due to electrical discharges, but blocks ambient solar 
energy. A photo multiplier tube (14) amplifies the energy passed by the filter, and an amplifier (18) is used to 
generate an electrical signal indicative of the dischai^es which is lai^e enough to process. A discriminator 
drcuit (20) detects peaks corresponding to discharges, and determines the kind of discharge from -die timing 
between detected peaks. A visible and audible indication of detected peaks is provided. 
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At least one drawing originally ^led was infom«l and the print repwoduced here is taken from a later filed formal copy. 
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OPTICAL DETECTION OF ELECTRICAL DISCHARGES 

This invention relates to apparatus for detecting electrical discharges, such as 
corona discharges on high voltage power lines. 

The detection of certain electrical discharges on power lines, such as corona 
discharges on conductor insulation and leakage, can be difficulL Such 
discharges are generally invisible in daylight and rarely generate sufficient beat 
for thermal detection. Discharges of this type may be visible at night, but 
night time inspection generally precludes the use of helicopters, increasing the 
inspection time unacceptably. 



According to the invention apparatus for detecting electrical discharges from 
an electrical conductor comprises: 

filter means adapted to pass energy in the ultra-violet portion of the 
spectrum and to block ambient solar energy; 

a photomultiplier device for detecting ultra-violet energy, passed by the 
filter means; 

. amplifier means for amplifying an output of the photomultiplier device; 

discriminator means for monitoring the an^lified output of the 
photomultiplier device, for detecting signals corresponding to electrical 
discharges and for generating on output signal corresponding thereto; 
and 

indicator means responsive to the output signal to generate a 
discernible indication of the electrical discharges. 
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Preferably, the discriminator means comprises a threshold detector which 
rejects signals frcm the pJtiotanultiplier device below a first threshold 
and/or above a. second, higher threshold . 

In further preferred ernbodiments , ineans are provided to integrate the 
output of the threshold detector over a paredetennined period of timer 
thereby to provide an averaged output signal. 

The indicator ineans may comprise an analogue meter or other visible 
indicator device, and/or an audio signal generating device. 

Ehtodiments of the present invention will now be described by way of 
exanple, with reference to the accccnpanying figures, in Vi^iich; 

Figure 1 is a simplified block schematic diagram of apparatus for 
monitoring electrical discharges according to the invention; 

Figure 2 is a graph indicating the characteristics of an optical filter of the 
apparatus; and 

Figure 3 is a simplified flow chart illtistrating the operation of the 
apparatus. 



The illustrated apparatus is used for detecting electrical discharges on 
powerhnes and relies on an ultra-violet filter 10 which passes ultra-violet light 
with a transmittance of 50% or greater, while substantially blocking longer 
wavelength light, with a wavelength longer than 290 nm. Since solar energy 
at low altimdes is filtered by the ozone layer and contains very little light 
energy having a wavelength shorter than 290 nm, apparatus using the filter is 
effectively "blind" to ambient solar energy. The response of the filter 10 is 
shown in the graph of Figure 2. 
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The filter 10 is fitted to the front of a light trap 12 which is fitted to a 
photomultiplier tube (PMT) 14 with a high voltage power supply 16. The 
PMT has a gain of approximately 1 000 000 and generates output pulses which 
are typically 20 ns wide with an amplitude of less than 2 mV. The output of 
the photomultiplier tube is applied to an amplifier 18 which amplifies the 
pulses to a level of approximately 100 mV, 

The output of the amplifier 18 is fed to a threshold detector 20 which has 
upper and lower thresholds defining a window between them. The amplitude 
of each input pulse is compared to the threshold levels by means of a pair of 
fast comparator circuits. The upper threshold is set to discriminate against 
pulses due to incident cosmic rays, which have a greater amplitude that pulses 
produced by photons from corona or partial discharges. Hie lower threshold 
is set to reject pulses due to thermal emissions, which are lower in amplitude 
than the pulses due to corona or partial discharges. The output of the 
threshold deteaor 20 is a series of TTL-level pulses of constant amplitude and 
duratioa, corresponding to each detected pulse which falls within the detection 
window of the threshold detector. 

The output of the threshold deteaor 20 is fed to a sbcteen bit counter 22 
which is controlled by a niicroprocessor 24, The coimter 22 counts the pulses 
received from the threshold detector over an integration period of, typically, 
1 ms, before being reset and repeating the count 

The following functions are executed in the microprocessor 24, under software 
control. The output of the counter 22 is read by the microprocessor 24, and 
the output value is compared with the value of a dynamic noise riding 
threshold. The value of the noise riding threshold is determined by the 
average of a 32 bit shifting register of previous counts. If the output value of 
the counter 22 exceeds the value of the noise riding threshold by more than 
3 counts, which means that a peak is detected, the value of the dynamic noise 
riding threshold is kept constant until the output value of the counter is less 
than 3 counts above the value of the noise riding threshold. 



4 

The time is measured between the peaks detected in this way. If more than 
one peak is detected within a time span of 40 ms the alarm function is 
enabled. If the peaks occur at intervals of 20 ms, the discharge on the power 
line which is responsible for the peaks is identified as a Corona discharge. 
This is based on the fact that a Corona discharge occurs at every second half 
cycle of the 50 Hz power line frequency. Obviously, with a different power 
line frequency, the time between peaks due to a Corona discharge will alter 
accordingly. If the detected peaks occur at 10 ms intervals, the discharge is 
identified as arcing. 

The magnitude of the detected peaks is output to a signal strength indicator 
26, which displays the magnitude on a LED bar graph display. This enables 
an operator to monitor the peak signal strength visually, which assists in 
locating the source of the detected discharges. 

Alarm and identification information is sent from the microprocessor 24 to the 
alarm driver 28, \^^ch generates the necessary signals to operate, a visual 
alarm indicator 30. The alarm driver 28 also sends signals to an audio alarm 
amplifier 32, which generates an audio tone which is applied a headset 34, and 
also for a helicopter intercom system, to alert an operator of the apparatus to 
the detection of a discharge. 

The apparatus includes an RS232 serial interfece 36 to enable the 
microprocessor 24 to coromunicate with, an external computer, thus allowing 
the recording of data corresponding to detected discharges. 

The described apparatus can be mounted in a helicopter and can operate in 
broad daylight, allowing electrical discharges in over head power lines to be 
located quickly and accurately. 



CLAIMS 
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1. 

Apparatus for detecting electrical discharges from, an electrical conductor, 
comprising: 

filter means adapted to pass energy in the ultra-violet portion of the 
spectrum due to electrical discharges and to block ambient solar 
energy; 

a photomultiplier device for detecting ultra-violet energy passed by the 
filter means; 

amplifier means for amplifying an output of the photomultiplier device; 

discriminator means for monitoring the amplified output of the 
photomultiplier device, for detecting signals corresponding to electrical 
discharges and for generating an output signal corresponding thereto; 
and 

indicator means responsive to the ou-Qjut signal to generate a 
discernible indication of the electrical discharges. 

Z 

Apparatus according to claim 1 wHberein the discriminator means comprises 
a threshold detector which rejects signals from the photomultiplier device 
below a first threshold and above a second, higher threshold. 

3. 

Apparatus according to claim 2 lAiierein the output of the threshold detector 
is integrated over a predetermined period of time to provide an averaged 
output signal. 
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4. 

Apparatus according to claim 3 wherein the output of the threshold detector 
comprises a series of pulses which are fed to an integrator comprising a 
counter, the counter being configured to count the pulses from the threshold 
detector over the predetermined period of time. 

5, 

Apparatus according to daim 3 or claim 4 wherein the discriminator means 
includes processor means arranged to compare the integrated output of the 
threshold detector with a noise riding threshold which is obtained by averaging 
the integrated output of the threshold detector over a long reference period, 

6. 

Apparatus according to any one of claims 1 to 5 wherein the discriminator 
means is arranged to determine the nature of a monitored electrical discharge 
from the period between detected discharges. 

7, 

Apparatus according to any one of daims 1 to 6 wherein the indicator means 
comprises a visual indicator arranged to indicate the magnitude of a detected 
discharge, 

8. 

Apparatus according to any one of daims 1 to 7 wherein the indicator means 
comprises an audio signal generating means, 

toparatus according to any one of claims 1 to 8 wherein the filter, means 
cperates by blcxiking light wi±h a wavelength greater than 290OTn. 

10. 

^^jpaxatus for detecting electrical discharges on power lines siiistantially 
as herein described and illustrated. 
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